Mycobacterium &megmati at a concentration of 1: 20,000 and Myco. phlei at 1:10,000 but was completely inactive against an unidentified species of Mycobacterium not listed in Table 1 .
Fusein-thioglycollic acid. The results obtained. are summarized in Table 2 . They indicate that, in general, the conversion of fuscin into its thioglycollic acid derivative caused a remarkably small change in its antibacterial spectrum, cf. Table 1 . 2. The conversion of fuscin into its thioglycollic acid derivative causes a remarkably small change in its antibacterial spectrum.
Metabolism of Fluorene in the Rabbit
BY W. J. P. NEISH, Department of Pathology and Cancer Re8earch Laboratorie8, Univer8ity of Sheffield (Received 3 May 1948) The metabolism of the hydrocarbon fluorene does not appear to have been examined previously, although the compound has been investigated for carcinogenic activity in skin-painting experiments with mice (Bloch, 1922 , quoted by Kennaway, 1930; Twort & Fulton, 1930) and more recently in feeding experiments with rats (Wilson, De Eds & Cox, 1947) . The results of these experiments led to the conclusion that fluorene is not carcinogenic. The high carcinogenic potency of 2-acetamidofluorene is now well established, as may be seen from the review by Bielschowsky (1947) , but the only publication which has appeared to date concerning tha metabolism of this carcinogen is that of Bielschowsky (1945) who showedthatthemetabolite, 7-hydroxy-2-acetamidofluorene, may be isolated from the urine of rats fed 2-acetamidofluorene.
In the course of further studies of the metabolism of 2-acetamidofluorene in rabbits an investigation was made concerning the fate of fluorene in these animals with the primary object of determining whether the reactive 9-methylene group of this compound could undergo any change during the passage of the hydrocarbon through the animal body. This work might lead to a better insight into the metabolism of the related amine carcinogen. It was also of interest to see if fluorene is metabolized by rabbits according to the hydroxylation mechanism which has been found to play a part in the detoxication of a number of carcinogenic and non-carcinogenic polycyclic hydrocarbons. Adequate reviews of this detoxication mechanism have been given by Boyland & Weigert (1947) and by Williams (1947) ; only one example will be quoted here. Young (1947) found that the urine from rats ingesting naphthalene contained the diol, 1:2-dihydroxy-1:2-dihydronaphthalene, which yielded o-naphthol on mild acid hydrolysis, and Bourne & Young (1933) showed that naphthalene in man and dog gave rise to cx-naphthol and the glucuronide of this compound. These results are in accord with the views of Fieser (1941) that the detoxication reaction involves primarily the addition of the elements of hydrogen peroxide to the hydrocarbon molecule in a perhydroxylation reaction giving rise to diols which are usually unstable and which pass over into phenolic compounds by loss of water from the diol grouping. With regard to the positions in the hydrocarbon nucleus at which in vivo hydroxylation occurs the interesting observation was made by Berenblum & Schoental (1943) that benzanthracene and dibenzanthracene are metabolieally attacked (hydroxylated) at points where sulphonation of these hydrocarbons occurs in vitro, and Bielschowsky showed that this rule applied to 2-acetamidofluorene which is metabolized by rats to the 7-hydroxy compound, 2-aminofluorene being sulphonated in vitro at position 7 according to Courtot (1930) .
Although no evidence has been found that the reactive methylene grouping of fluorene is attacked in vivo it has been shown that 2-hydroxyfluorene and a compound which analyzes correctly as the glucuronide of this phenol can be isolated from the urine of rabbits ingesting fluorene. (Oxford) .
EXPERIMENTAL

RESULTS
Tolerance of the rabbit tofluorene. A female rabbit which had not been used for any other experiment was maintained on a stock diet consisting of oats (1 part), sharps (1 part), bran (2 parts) and milk powder (2 parts). The animal received 70 g./day of this diet in which was incorporated 250 mg. of fluorene, the diet being mixed thoroughly with the addition of water. 100 g. of cabbage was fed daily. The animal received 1-5 g. of fluorene (at 250 mg./ day) and 10 days after this experiment it received 1 g. of fluorene at the same dosage level/day. The animal gained in weight over the period of the experiment.
In another experiment in which a male rabbit (initial weight, 2120 g.) was fed fluorene at the level of 250 mg./day in 70 g. of stock diet for 20 consecutive days an increase in body weight of400 g. was observed over this period. The animal appeared to be in good health and 2 months after the end of the experiment it weighed 2450 g. It would appear then that rabbits tolerate fluorene well and that ingestion of the compound for short periods at least has no serious effect on the health of the animals.
The animals receiving fluorene were kept in metabolism cages, the urine being collected daily and preserved with chloroform in a refrigerator. IsQlation of 2-hydroxyfluorene. In an experiment in which 1-75 g. of fluorene was fed to a rabbit at the rate of 250 mg./day, 900 ml. of urine were collected. The urine, which was alkaline, was divided into three portions of 300 ml., each of which was extracted five times with 100 ml. of ether. To obtain a satisfactory separation, the ether-urine emulsions were centrifuged and the combined ether extracts were dried over anhydrous Na2SO4. (Werner, 1902, gives 106-108'), prepared by treating synthetic 2-hydroxyfluorene with dimethyl sulphate. Both specimens of methoxy compound gave the same ink-blue coloration when traces were treated with a drop of p-dimethylaminobenzaldehyde reagent. The colour developed is quite distinct from the purple colour given by 2-hydroxyfluorene in this test. Pure samples of 2-hydroxyfluorene and 2-methoxyfluorene gave no colour reaction with concentrated H2SO4 only.
Isolation of a glucuronide. The urine which had been freed from 2-hydroxyfluorene by ether extraction was acidified with concentrated hydrochloric acid, about 20 ml. of acid being added to 300 ml. of urine (slightly more acid than is required to make the urine acid to Congo red). Ether extraction was performed as described for the alkaline urine, but the extraction was incomplete since ethersoluble orange-coloured material could still be obtained by further extraction of the urine with ether. The ethereal extract was orange-red in colour and after removal of the ether a dark red oil was obtained. A small amount of this oil gave a good Tollens reaction for glucuronic acid. The red oil was suspended in about 10 ml. of water and the suspension boiled in the presence of activated charcoal.
On cooling the filtrate, white needles separated. After two more crystallizations of this material from water, the colourless filtrate yielded fine long white needles on cooling. This product, which gave a positive reaction for glucuronic acid, was dried at 370 ovemight. It melted at 2,14-215°. (Found: C, 58-1; H, 5.57. C19H1807.2H20 requires C, 57-84; H, 5-63 %.) Aft%er drying in vacuo at 1000, anhydrous fluorene-2-glucuronide was obtained.
(Found: C, 62-36; H, 5-46. C19H1807 requires C, 63-66; H, 5 07 % .) When traces of the material were treated with a drop of concentrated sulphuric acid the crystals became dark green, and after mixing with a glass rod black particles were observed in a pale green solution. With a drop of p-dimethylaminobenzaldehyde reagent the crystals became bright purple-blue (reminiscent of the purple solution given by 2-hydroxyfluorene with the aldehyde reagent) finally yielding black particles in pale purple sulphuric acid medium.
Continuous extraction of acid urine. Very satisfactory yields of the glucuronide were obtained when 300 ml. of acidified urine (previously extracted when alkaline to remove 2-hydroxyfluorene) were subjected to continuous extraction with ether in a Kutscher-Steudel apparatus. After several hours, long white needles separated on the walls of the extraction flask just above the level of the boiling ether, and within 15-20 hr., quite a large amount of fairly pure glucuronide was obtained. The product was removed from the flask and after one crystallization from water and drying overnight at 370 was obtained as fine long white needles melting at 214-2150. The yield of pure compound wasO00mg. It was sparingly soluble in ether, insoluble in benzene, slightly soluble in ethanol, and quite soluble in dilute sodium carbonate. On drying in vacuo at 1000 to constant weight, 3-908 mg. glucuronide lost 0-255 mg. (6.5 % H20). Theoretical loss for 1H20, 4-8 %; for 2H20, 9-1 %. The compound analyzed as a hydrate offluorene-2-glucuronide. (Found: C, 59-92, H, 5-92. C19H1807. lIjH20 requires C, 59-1; H, 5.45 %.) After drying to constant weight in vacuo at 1000,fluorene-2-glucuronide was obtained. (Found: C, 63-62; H, 5-24. C1,H1807 requires C, 63-66; H, 5-07 %.) The compound appears to have a low specific rotation. 5 ml. of a solution of the glucuronide dihydrate (5 mg./ml.), prepared by dissolving the glucuronide in a solution of sodium carbonate containiing sufficient alkali to form the monosodium salt, gave in a 1 dm. tube a very small laevorotation (-0.050). There can be little doubt that the compound is the dihydrate of the glucuronide of an hydroxyfluorene which is thought to be the 2-hydroxy compound. Unsuccessful attempts have been made to isolate this phenol from the products of acid hydrolysis of the glucuronide. It is-thought that hydrolytic products of the glucuronide are eondensing with hydroxyfluorene at the 9-methylene group thus preventing isolation of the hydroxyfluorene.
A note on the metabolism of 2-hydroxyfluorene in the rabbit In the hope of obtaining a glucuronide of 2-hydroxyfluorene for comparisonwith the glucuronide isolated from the urine of rabbits ingesting fluorene, it was decided to examine the metabolism of 2-hydroxyfluorene fed at the level of 250 mg./day in 70g. stock diet to amale rabbit. The animal tolerated the material well and in the course of 10 days, during which time it ingested 2-5 g. of 2-hydroxyfluorene, it steadily gained in weight from 1670 to 1840 g. Five days after the experiment was terminated the rabbit weighed 1980 g. The urine from this animal gave a positive Tollens reaction and when 0-25 ml. of urine was treated with 0-25 ml. of p-dimethylaminobenzaldehyde reagent the bright purple colour characteristic of 2-hydroxyfluorene was obtained. With conc. H2SO4 only the urine gave no coloration. 2-Hydroxyfluorene could be isolated readily from the alkaline urine by ether extraction, but no solid glucuronide separated from the acidified urine (20 ml.
conc. hydrochloric acid/300 ml. urine) submitted to continuous extraction with ether. The ether extract, however, gave a positive reaction for glucuronic acid. It would appear that 2-hydroxyfluorene is excreted for the most part unchanged. Certainly there is very little conjugation with glucuronic acid. The urine was not examined for the presence of ethereal sulphates.
A note on the occurrence offluorene infaeces About 40 g. of faeces were collected from a rabbit which was receiving 250 mg. fluorene/day. The faeces were allowed to dry at room temperature for several days and then ground to a powder with an equal weight of anhydrous sodium sulphate. The powder was ground under ether repeatedly and after each extraction the ether was filtered off, the combined ethereal extracts concentrated, dried over anhydrous sodium sulphate and evaporated to dryness. The dark green residue was taken up in light petroleum (b.p. 40-60o) and chromatographed on activated alumina (British Drug Houses product). All pigments remained on the column and the petroleum ether eluate was colourless. A drop of this eluate was allowed to evaporate on a glazed white tile and the residue treated with a drop ofp-dimethylaminobenzaldehyde reagent. A bright-pink colour very like that given by fluorene developed. No colour appeared when a similar experiment was carried out using instead a drop of concentrated sulphuric acid. Several other experiments were carried out with faeces collected at different times and whilst the light petroleum extract sometimes gave a positive reaction for fluorene, on other occasions it did not. It is concluded that little if any fluorene is excreted in the faeces, the positive reaction for fluorene sometimes observed being due probably to contamination of the faeces with the hydrocarbon from the food. The reaction for fluorene is extremely sensitive; as little as 1 pg. may be detected readily.
DISCUSSION
The metabolites obtained from the urine of rabbits ingesting fluorene are 2-hydroxyfluorene and the glucuronideofthisphenol. Datarelatingtotheyields of these metabolites were accidentally destroyed so that only a rough estimate of the recoveries can be made. In the urine collected from a rabbit which had ingested 1-75 g. of fluorene about 40 mg. of pure 2-hydroxyfluorene was obtained, and by continuous extraction with ether the acidified urine yielded approximately 400-500 mg. of pure glucuronide (computed from recoveries obtained from fractions ofthe total urine). Both metabolites were isolated in the above proportions from the separate urines of two rabbits ingesting fluorene. Little if any unchanged fluorene is excreted in the faeces and this appears to be in agreement with the work of Chang (1943) , who showed that only small amounts of the simple hydrocarbons such as naphthalene and phenanthrene are elirminated in the faeces of rats receiving these compounds, whereas considerable amounts of the more complex hydrocarbons such as methylcholanthrene are excreted by this route.
The metabolism of the hydrocarbon follows the rule stated by Berenblum & Schoental (1943) (and confirmed by Bielschowsky (1945) for the case of 2-acetamidofluorene) that the site of biological hydroxylation is that at which sulphonation occurs in vitro. Courtot & Geoffroy (1924) showed that fluorene-2-sulphonic acid is the first product of sulphonation of the hydrocarbon in vitro.
It is possible that 2-hydroxyfluorene arose from diols during the isolation of the compound from the urine, although the crude solid extract after decolorization by charcoal was found to be optically inactive, whereas diols of fluorene, if present, would be expected to show optical activity.
With regard to the tolerance of the rabbit to fluorene it is interesting to note that Wilson et al. (1947) found that groups ofrats maintained on a diet containing fluorene at the levels of 0-062-0-5 % for 106 days were in good health after 453 days and at autopsy they showed no signs ofgross tissue damage. The growth rate of rats receiving fluorene at concentrations of 0-5-1 % was impaired, but the health of these animals appeared to be good. SUMTMARY 1. Two metabolites of fluorene have been isolated from the urine of rabbits, viz. 2-hydroxyfluorene and a compound which analyzes correctly for the glucuronide of this phenol. This is a further example of the biological hydroxylation of a hydrocarbon taking place at the point at which sulphonation occurs in vitro.
2. Little if any fluorene is eliminated in the faeces and no metabolites of the hydrocarbon have been detected in these.
3. 2-Hydroxyfluorene fed to a rabbit appears to be excreted largely unchanged. Fig. 1 ). The significance of the latter agreement is not lessened by our present belief (see later section) that the effect of Co++ under these conditions was mainly to inhibit reversible inactivation due to dissociation of the enzyme system. However, the use of different units for liver and manmmary-gland homogenates was hardly practicable for further studies involving comparison of arginase activities ofthese tissues in the same animal, since the comparison can only be made if the quantitative relationship between the two units is known, and while the highly active liver homogenates can be assayed by both methods, the high dilution necessary for the 20 hr. method favours dissociation of the 20 hr. arginase units 2, I p12 14, 16, 18, 20, 224, 26, 28, 3) 
